The sol-gel technology allows preparation of the thin silica lms ranging in porosity from dense to highly porous. These lms can function as matrix binding molecules of pH-sensitive indicators and can be utilized as sensitive coatings for intensity based planar evanescent wave chemical sensors. This paper is devoted to manufacturing technology and characterization of highly porous silica lms deposited on soda-lime glass substrates, impregnated with bromocresole purple and cresole red. Two dierent methods of impregnation were used: dip coating, which entails sensitization of both silica lms deposited on each side of a substrate and selective deposition of a dye solution on single side of the substrate. Manufactured sensitive lms were tested toward inuence of gaseous ammonia and nitrogen dioxide on their spectral characteristics of the absorption coecient and the imaginary part of the refractive index. It was shown that bromocresole purple allows detection of both gases: NH3 and NO2.
Introduction
Ammonia and nitrogen dioxide are gases that naturally occur in the atmosphere as well as are human activities product. Therefore qualitative and quantitative methods for detection of these gases are required. These gases are harmful for human health [1, 2] and are envi- limits their application eld [3] . Optical sensors based on organic sensing lms are often able to operate at room temperature. The sensing mechanisms utilized in optical gas sensors rely on changes of sensing lm absorbance spectrum or on luminescence phenomena. It was shown in the paper [4] that rhodamine B hydrazide molecules upon chemical reaction with NO 2 turn purple and simultaneously a luminescence peak at ≈ 580 nm is observed.
In the paper [5] there is shown NH 3 sensor exploiting the phenomenon of upconversion luminescence based on the * corresponding author; e-mail: cuma.tyszkiewicz@polsl.pl use of upconverting nanoparticles of the NaYF 4 :Yb,Er type that can be excited with 980 nm laser light to give a green and red luminescence. Utilization of guest binding eect can enhance sensor sensitivity and reduce its cross-sensitivity. In the paper [6] there was shown how to functionalize calixarene molecules to give guest binding eect with gaseous NO 2 alkylated calixarenes form nitrosonium complexes that change their color. Among the materials that change their absorption spectrum upon interaction with gases are pH-indicators. In the paper [7] there was shown the reective ammonia sensor utilizing pH-dyes immobilized in porous silica lms produced by means of thermal oxidation of etched silicon wafers and in chitosan/GPTMS lms (GPTMS glycidoxypropyltrimethoxysilane). In our research group dyes are immobilized in porous silica lms fabricated by means of sol--gel method [8, 9] . Such lms of low porosity (P ≈ 7%), doped with bromocresole purple (BP) and high porosity (P ≈ 50%) doped with BP and bromothymole blue (BB) were earlier investigated in our research group and applied in planar amplitude ammonia sensor [1012] .
Absorption changes of sensitive lms can be detected by planar sensor structures utilizing evanescent wave spectroscopy (planar evanescent wave sensors, PEWS).
In such structures a propagating optical wave penetrates a sensitive lm with its evanescent wave [1315] . Therefore changes in sensitive lm absorption cause changes in amplitude of propagating waveguide modes (light intensity changes). Optical sensors can be fabricated using optical bres [16, 17] or planar waveguides [12, 18] In the third stage spectral transmission characteristics of sensitive lms subjected to a gas (gas exposure sequence) and after that to dry air were registered (purge sequence). For transmission characteristics naming, the following convention is adopted: T x (λ), x = i, z, o, where i impregnated lm, z impregnated lm exposed to a gas, o impregnated lm exposed to dry air after exposition to a gas.
All T (λ) characteristics were registered using Ocean Taking an assumption that a porous silica lm of a thickness d is uniformly impregnated with given pH--indicator, spectral transmission characteristics of an increase of attenuation coecient ∆α(λ) and of a refractive index imaginary part ∆κ(λ) can be calculated using the following equations:
where λ is a wavelength, d is a thickness of a sensitive lm, T i (λ), T z (λ), T o (λ) are spectral transmission characteristics registered before exposition to a gas (i), after exposition to the gas (z) and following after exposition to dry air (o). 
where ξ = 1 s/cm. For substrate withdrawal speed in range v = 3.06 7.27 cm/min fabricated lms thickness are in range d = 537906 nm. The increase in withdrawal speed results in decrease of a lm refractive index. Such a relationship is typical for polymeric sols in case of weakly charged polymers and high condensation speed [8] .
Low refractive index is a consequence of a silica lm high porosity. The porosity can be estimated using the approximated equation describing eective refractive index of the medium: n = n air P +n d (1−P ), where n air = 1 is a refractive index of air and n d = 1.4585 is refractive index of solid silica at wavelength λ = 632.8 nm. The porosity P of fabricated lms is approximately 0.5.
Films doped with CR were sensitive to NO 2 but not to NH 3 . In Fig. 4 there are presented transmission characteristics of CR-doped, dip coated sensitive lm. The Table I and Table II 
